SUPPLEMENTARY STM MEASUREMENTS ON RE/Fe/W(110)
The differential conductivity (dI/dV) retrieved by a lock-in amplifier portrays the spatially resolved spin state of the sample, as the dI/dV signal has a component proportional to P1·P2·cos(), 1 where P1 (P2) is the spin polarization of the sample (tip) and  the angle formed by the tip magnetization and the local magnetic moment of the sample. The sign of P1 and P2 determines whether parallel ( = 0º) or antiparallel ( = 180º) alignment provides the highest tunneling conductance state. Without loss of generality, here we assume that P of the Fe-coated W tip and the Fe ML on W(110) have positive sign.
In our study, we have focused our attention on dI/dV maps taken with an open feedback, to ensure that the tip-sample distance is the same for islands of either polarization, and for atoms on either island. Measurements taken using the usual constant current mode can be distorted when using a spin-polarized tip, as different magnetic configurations can give different contributions to I t so the tip-sample distance is changed to maintain a constant current. The dI/dV signal is affected by this, complicating its interpretation; to avoid this problem we have taken our dI/dV maps using an open feedback: after correcting the scan angle to account for the sample tilt and letting the tip in tunnel for a long time (> 24 hours), scanning the area of interest until no drift is observed, the tip is set on top of the highest feature, an atom on an island, and a tunnel current of the order of 800 pA is set after which the feedback is released and the tip scans in a plane parallel to the sample. With this setup, we ensure that the tip-atom and tip-island distances remain the same regardless of the spin-polarized contribution.
The following images show how crucial this effect can be, and how a constant current dI/dV map could lead to an erroneous conclusion. Fig. S1 (a) shows a constant current topography map of an area with three monolayer Fe islands on W(110) which we would expect to present the same height if measured with a non-SP tip, however if we take a profile (Fig. S1(b) ) on this image we can observe that the island on the right appears to be slightly larger (16 pm) than the other two, due to having a different magnetic orientation, which means that to keep a constant current the tip-sample distance is actually larger on this island than on the other two. Fig. S1 (c) shows a constant current dI/dV map of these islands, while Fig. S1(d) shows an open-feedback dI/dV map of the same area, at the same bias and using the same modulation as Fig. S1 (c).
The observed contrast reversal is due to the effect of the tip-sample difference between islands being large enough to overcome the actual dI/dV signal difference between the islands, although it should be noted that at this sample bias, V bias = -25 mV, the spin polarized contrast is very low and we have not observed such reversal of the island contrast at other biases (such as -200 mV)
where the dI/dV difference is substantially larger. In all three cases an opposite contrast between Tm adatoms and Fe islands is observed, the dI/dV signal for adatoms on the island with lower dI/dV signal is larger than for adatoms on the island with higher dI/dV signal. 
AB-INITIO CALCULATIONS ON RE/Fe/W(110)
We performed a study of the electronic properties by using DFT-based first-principles calculations as implemented in Vienna ab initio simulation package (VASP). 2 We use the generalized gradient approximation (GGA) and local spin density approximation (LSDA) for correlation and exchange. All calculation were done at the cluster "Memento" of Zaragoza's University, within the "Spanish National Centre of Supercomputation".
A) STRUCTURAL MODEL.
To obtain structural models as close as possible for our systems, we previously reproduce some of those results existing in the literature for an iron monolayer on a (110)-cut tungsten substrate. The unit cell of our final super-cell structure can be found elsewhere in the literature, for example in refs. [8] [9] [10] [11] and refs. therein. After that, the lanthanide adatoms are included for getting final optimized structures that allow a full electronic calculation. Initially our calculated W-bulk lattice parameter was 3.20 Å, which is larger than the experimental;
but it is known that GGA overestimates bulk lattice parameters for heavy atoms. Dipolar corrections are also included by using the methods described in refs. 12, 13 . During the structural optimization, we initially used a conjugate-gradient method 14 for obtaining coarse ionic positions based into their instantaneous ground state energy (after an electronic relaxation). After that, the A collinear spin-polarized (SP) electronic relaxation was done by using a k-mesh of (3 × 3 × 1) centered at  point Figure S4 The 5d-states have a small magnetic moment of -0.1 μB, as Tm, and it is AFM coupled with all the rest of Fe magnetic moments, as it happened in Tm case. At this stage, collinear calculations explain our experimental SP-STM results as well as the applicability of the "Campbell mechanism" 16 at the level of the single lanthanide adatoms existing in our systems. Next, we investigate whether or not this mechanism is similarly predicted when including SOC + U in a non-collinear calculation. A non-collinear SP electronic relaxation including SOC + U was done, using [110] , [1 10] and [001] directions as quantization axes for spin. We use U = 0.8 eV for 3d Fe states. 17 The spin resolved Fe PDOS along [1 10] is not quite different from that shown in Figure S4 Now that we have a full non-collinear ab-initio calculation with SOC+U, we would like to correlate some of the experimental results obtained by STM with ab-initio results. Therefore, we calculate the spin-averaged conductance, dI/dV, at different bias between tip and our samples. Figure S7 shows the spin-averaged conductance for Tm/Fe-ML/(110)W, the conductance above the Tm adatom shows an important contribution at high and positive bias and the agreement between calculation and experimental result is fine. An analysis of Tm 5d-PDOS (see Figure S8) allows to see the different contributions to the conductance coming from the five d-orbitals. It is worth noting that the calculated 4f to 5d DOS ratio, between -1 eV and 140 meV, is è 8x10 -4 and barely 7x10 -3 at higher energies, up to 2.7 eV. Therefore, at the energies involved in the SP-STM measurements, the main contribution to the tunneling current when the tip is over Tm or Lu adatoms comes from the RE 5d-electrons. 
